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Abstract

This paper focuses on using Audiometric Data Base Analysis (ADBA) to evaluate the
effectiveness of the hearing conservation program (HCP) at eight Air Force Bases. The
primary goal is to evaluate the effectiveness of the HCP for all eight bases combined. The
secondary goal was determining which groups of pergonnel are experiencing the most

variability in their hearing threshold levels (HTLs).

The ADBA results revealed that the total group exhibited a program that was between
marginal and unacceptable. Breaking the total group's audiometric data into smaller
groups did not reveal a significantly different variability by group with the exception of
gender. Females had signiﬁ(;antly less variability in their mean HTLs when compared to

males.

The standard deviation of differences of HTLs measure did not give similar results to the
other measures. The use of the standard deviation of difference of HTLs measure is not

recommended for use under the present guidelines.

An overall distribution of TWAs (time weighted averages) for the total group showed a
fairly normal distribution with the 50th percentile at 85 dBA (A frequency-weighted sound
pressure level). The 10th percentile is 77 dBA and 90th percentile is 94 dBA for the total

population. . “scezaion For
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Introduction

Currently, noise exposure and audiometric data are cbllected and maintained for all personnel
in the United States Air Force (USAF) HCP. The audiometric data are maintained in a central
database. The noise exposure data are kept in separate databases at each Air Force Base
(AFB). Individual's noise exposure and audiometric data are maintained in their medical
records and evaluated but no group analysis is routinely done. The goal of this study was to
merge the sound survey data from each database with the audiometric data and do an overall

quality assurance review of the HCPs included in the study.

The data for the study came from several sources. The audiometric data (70,777 records on
14,166 individuals) came from the Hearing Conservation Data Registry (HCDR) in the
Occupational and Environmental Health Directorate, Armstrong Laboratory, Brooks AFB,
TX. Noise exposure data came from databases at each base. The medium size bases use a
databage called BEEKEEPER to store noise exposure data. The large bases use a database
called PHOENIX to store the noise exposure data. In addition, the required personnel data

were obtained from the Military Personnel Center, Randolph AFB TX.

The primary method for evaluating the HCPs is the ADBA protocol defined in the Draft
American National Standard Institute (ANSI) Standard S12.13-1991 - Evaluating the
Effectiveness of Hearing Conservation Programs. ADBA evaluates variability in HTLs using
three different methods.# The results can be used to classify the overall HCP as acceptable,

marginal or unacceptable.




Each ADBA procedure is discussed and used to evaluate the USAF data studied. First, an
overall quality evaluation is carried out for the total group. Then the individual data
groups are evaluated. Finally, the findings for the total and subset data bases are

presented and a comparison of the findings across data bases are discussed.

Since the standard is a draft publication for use and c'drnment, this is an excellent time to
evaluate the USAF programs with the different methods and see how they compare and

provide comments to the ANSI working group.
Background

Prevention of occupational hearing loss is the primary goal of a HCP. However to
prevent hearing loss, HCP personnel need to be able to detect developing Noise Induced
Permanent Threshold Shifts (NIPTS) before significant hearing loss occurs. Audiometric
Data Base Analysis (ADBA) offers the potential for detecting problems in the HCP (such

as noise induced hearing loss) quickly before significant hearing loss can occur.

ADBA has several other advantages. It provides data that can be used to develop simple
charts and graphs that may be used in education sessions for presenting to supervisors and
employees the effectiveness of the HCP in their department, providing motivation for the
HCP. ADBA has also been used by HCP personnel to compare the effectiveness of
different hearing protective devices and to demonstrate to management the effectiveness

of, or lack of, dollars spent on the HCP.11

The only valid objective indication of whether a HCP is succeeding in preventing
occupational hearing loss is audiometric results for the noise-exposed employees. Review

of selected individual audiometric records provides information on the hearing changes for




the individuals. However, this review process does not give an overall picture of how well

a group of workers are being protected. 11

The ADBA procedures are based on various ways of measuring year-to-year audiometric
variability. A properly protected noise-exposed population should not have any more

variability in their hearing threshold levels than for a pbpulation not exposed to significant
occupational noise exposure assuming all other sources of variability are controlled.4 For

a more detailed discussion of ADBA please refer to previous publications in the literature.
5-10,12

The sources of audiometric variability include normal fluctuations in the responsiveness of
individuals, inconsistencies in equipment calibration, testing methods used and true
threshold changes due to temporary or permanent hearing loss.11 With personnel moving
between bases on a regular schedule every three to five years, these variables may be hard
to control and assess. Therefore, the movement of personnel may be a major source of

variability in HTLs.
USAF HCP

The USAF HCP is administered by Aerospace Medicine. A three pronged approach is
used. Bioenvironmental Engineering conducts sound level meter and noise dosimetry
surveys and evaluates noise controls. Military Public Health conducts supervisor training
and issues hearing protective devices. Physical Exams provide audiometric exams. Each
group is part of Aerospace Medicine which coordinates these efforts through the

occupational medicine working group. 1,2




The USAF does not follow the requirements of the Occupational Safety and Health
Administration (OSHA) noise standard. It uses different criteria. To describe the USAF
HCP criteria, a few definitions are needed. First, the criterion level is the 8 hour
equivalent that results in a 100% noise dose measurement. Next, exchange rate defines

~ the increase or decrease in sound level for a corresponding halving or doubling of
exposure time. The exchange rate is also called the tfading ratio or doubling rate. Finally,
Leq,T is the equivalent continuous A frequency-weighted sound level over a time T. If T

is 8 hours, Leq,8 becomes the time-weighted average, or TWA.

The USAF program presently uses a criterion level of 85 dBA and a 3 dB (decibel)
exchange rate. Iﬁdividuals are allowed noise exposures unprotected less than 85 dBA.
USAF members are placed on the HCP if the TWA equals or exceeds 85 dBA and hearing
protection is required. Previously, the USAF used a criterion level of 84 dBA and a 4 dB
exchange rate. The use of the current criterion level and exchange rate started in

December 1993.
Characteristics of the Studied Air Force Bases

Eight AFBs were selected for this study, two large bases and six medium size bases. The
two large bases were Kelly AFB (San Antonio, TX) and Robins AFB (Warner-Robins,
GA). Both bases are primarily air logistic centers and perform depo level maintenance on
aircraft. The six medium size bases were Langley AFB (Hampton VA), Shaw AFB
(Sumter, SC), Seymour-Johnson AFB (Goldsboro, NC), Pope AFB (Fayetteville, NC),
Charleston AFB (Charleston, SC) and Randolph AFB (Universal City, TX). Langley,
Shaw, Seymour-Johnson and Pope AFBs are primarily fighter bases. Charleston AFB is
primarily a transport base. Randolph AFB is primarily a pilot training base.




Group Descriptive Statistics

To assess the HCP programs, only personnel with at least four sequential audiograms
were used. This limited the total group size considerably (14,166 to 6655 individuals).
The last four sequential tests are renumbered so the most recent test is test 4 and the next

most recent test is test 3, etc.

The audiometric data are divided into several different-groups for comparison purposes.
First, a total group is formulated that includes personnel from all eight AFBs. Next, the
total group is split into military and civilian groups and into male and female groups.
Additionally, the total group is split into groups based on ethnic classifications. Last, the
total group is broken down further into individual AFB data bases. Appendix C lists
group descriptive statistics for each group. Statistics listed include the number of USAF
personnel included in each group and the average age and average service length for each

test.
ADBA Criteria

In applying the ADBA procedures defined by the Draft AN Sf S12.13-1991 standard, the
data should "ideally" (but not an absolute requirement) meet certain requirements. The
audiograms should have been given approximately yearly with the maximum interval
between tests less than eighteen months. The population data base should be restricted to
the same subjects over the period of analysis. A minimum number of audiograms is
suggested for each subject of the population and the population should be representative
of all employees, with a minimum of 30 people per analysis group. The audiometric data
should be collected during the work shift, so temporary threshold shifts as well as

developing permanent threshold shifts can be detected by the ADBA procedures. Finally

5




the data should be checked for possible contamination (includes re-test results, obviously

major shifts in HTLs across test frequencies, etc.) before analysis.4

The ANSI standard presents three measures of variability in hearing threshold levels for

use when comparing sequential audiograms. The three measures are:

1. Percent Worse Sequential (%Wg): percent of population showing a 15 dB shift
toward worse hearing in either ear at any test frequency (0.5 to 6 kilohertz, kHz) in

sequential test comparisons.

2. Percent Better or Worse Sequential (Y%oBWg): percent of population showing a
15 dB shift toward better or worse hearing in either ear at any test frequency (0.5 to 6

kHz) in sequential test comparisons.

3. Standard Deviation of Differences in Hearing Threshold Levels (Sy): is
calculated using the differences averaged across ears, X, at the audiometric test
frequencies of 0.5 to 6 kHz between sequential hearing thresholds of N individuals. The

standard deviation, Sy, is calculated as follows:

ZXz_(ZX)2
g = N

X N-1 ’

where X is the difference between sequentially averaged hearing thresholds, and N is the

number of individuals.

Criterion ranges for evaluating the results from applying the three ADBA measures are

given in appendix A, tables 1 and 2. The criteria utilized depends on which set of




sequential audiograms are being compared, the true first four (1-2, 2-3 and 3-4) for a
population or later audiograms (4-5, 5-6, 6-7, 7-8, etc.). Table 1 is for the %Wy and

%BW, measures. Table 2 is for the Sy measure at individual test frequencies.

Results

Appendix A, table 3 shows the results of applying the ADBA procedures to the last four
tests for the total group and sub-groups using the %Wg and %BWg measures. Also
indicated in the table is the 95% confidence intervals for each measure calculated.
Appendix A, table 4 presents the results for the Sy measure for the total group. Appendix

A, table 5 shows the mean HTLs vs. mean age and frequency for each group.

The data for appendix A, tables 3, 4 and 5 are taken from the ADBA outputs. The ADBA
outputs were generated using the PC-Hearvall3 Audiometric Data Base Analysis Program
for use with PC-compatible computers. Appendix D presents the first page output of the
CMPALL.EXE program that generates baseline and sequential test comparison results.
The different overall comparison criteria are shown. The data discussed herein (%Wg and

%BWj) corresponds to category 8, which is shown blocked in.

Appendix E presents, pages E-1 to E-3, the shift results for all eight AFBs for the test
comparisons 1-2, 2-3 and 3-4. As an example, on page E-1, the shift data (in 5 dB
increments for the left, right and combined ear HTLs) is shown. In addition, the mean and
standard deviation of the shift data is shown. Finally, at the bottom of the page is the
summed shift data by category. As noted earlier, category 8 presents the %W and

%BWyg data presented herein.




Total Group and Individual AFB Groups

Appendix B, figure 1 presents the %Wy data for the total group and each individual AFB.
Looking at figure 1, the HCP ratings are generally in the marginal range. The total
group's %Wy measure varied from 23 to 27%. Most of the data are overlapping and it is
hard to distinguish between the individual groups. The exception is the Seymour-Johnson
AFB data. The data from Seymour-Johnson exhibited the smallest group size (n=80) for
comparison and the highest variability in HTLs (% Wg from 20 to 45%).

Appendix B, figure 2 presents the %BWj data for total group and each individual AFB.
Most of these data points are in the lower unacceptable to marginal range. The total
group has a %BWj measure ranging from 40 to 43%. Once again the Seymour-Johnson
AFB data are generally higher than the rest of the data (41 to 54%). Charleston and Shaw
AFBs also have higher %BWg measures than the total grbup (45 to 48 % and 45 to 50%).
The rest of the bases have similar %BWg measures to the total group. Based on the %Wy
and %BW, measures, the total group and most of the individual AFB group findings are in
the upper marginal to lower unacceptable range. Appendix E contains the shift results
from the total group of all eight AFBs. Appehdix F presents the shift results for each
individual AFB.

Sx Measure

Appendix A, table 4 presents the results for the Sy measure for the total group. Using the
Sy measure, shown in appendix B, figure 3, the total group has an acceptable HCP (all
frequencies have lower standard deviations than listed in appendix A, table 2). The
indivi&ual AFB groups have similar Sy measures as the total group. The failure of the Sy
measure to identify unacceptable HCPs has been noted by the ANSI S12.13 working
group, and the standard deviation of differences ADBA measure was therefore dropped.

Therefore, the Sy findings will not be discussed further.




Civilian vs. Military Groups

Appendix B, figures 4 and 5 are plots of the %Wy and %BWg measures for the total
group split into civilian and military groups. These groups have large populations, so their
95% ClIs are fairly small. Both groups present similar variability results with the %Wé in
the 22 to 28% range for civilians and 23 to 25% range for military. The %BWj findings
are also similar, with ranges of 41 to 42% and 37 to 44% for the civilian and military
groups. Since the civilian group is much less mobile than the military group this would
suggest that movement between bases may not be a major source of the variability
observed in the USAF HCP. Appendix G presents the shift results for the military and

civilian groups.

Gender Groups

Appendix B, figures 6 and 7 are plots of the %Wy and %BWS measures for the total
group separated by gender. The female group is considerably smaller than the male group
(365 vs. 6207 individuals). In general, the female group has less variability in its mean
HTLs (%Wg of 18 to 19 % vs. 24 to 27% and %BWj of 34 to 35% vs. 40 to 45%). The
95% ClIs for both groups do not overlap. The female group is primarily in the marginal
range and the male group overlaps both the marginal and unacceptable range. The shift

results for the male and female groups are located in appendix H.

Ethnic Groups
Appendix B, figures 8 and 9 separates the total group into different ethnic groups. Only

three ethnic groups had large enough numbers to be considered, blacks, hispanics and
whites. All the groups exhibit very similar variability with the %Wy and %BWg measures
matching the total group's measures. The %Wy measure varied from 24 to 26 % for

whites, 21 to 24% for blacks and 20 to 27% for hispanics. The %BWg measure varied




from 39 to 45% for whites, 39 to 41% for blacks and 40 to 41% for hispanics. Appendix

I presents the shift results for each ethnic group.

Mean HTLs vs. Audiometric Test Frequency

Another way of looking at the data analyzed is presented in appendix B, figures 10-25. In
figure 10, the mean HTLs are plotted vs. test frequeriéy for the total group for the
population's last four tests. This type of plot presents one view of the data. It provides
information with respect to the population's hearing éhagactexistics over time by
audiometric test frequency. Similarly in figures 11-18, the mean HTLs are plotted vs. test
frequency for the population of each individual AFB. In Fig 19-25, the mean HTLs are

plotted vs. test frequency for remaining groups (civilian vs. military, gender and ethnic).

Mean HTLs vs. the Population's Mean Age

In figures 26-41, the same data base is plotted as mean HTLs vs. mean age by audiometric
test frequency for the total group and each sub-group. This type of data configuration
provides useful information including: the mean time between tests, the average"age of
the population at each test and possible calibration errors (significant shifting in HTLs

between tests at one or more test frequencies).

Noise Exposure Distributions

The audiometric data obtained from the HCDR exhibited a noise exposure value field. A
closer inspection of the values for this noise exposure data found it to be unreliable. Some
bases had no information entered and others had the same value for all personnel.
Therefore, instead of trying to use this questionable data, noise exposure data were
directly collected from databases at each AFB studied. Appendix B, figure 42 presents a
cumulative distribution plot of the TWA data for the total group representing all eight

AFBs. TWAs were determined by work area. Each work area has at least one eight-hour

10




TWA and some have as many as sixty-five. Over seven hundred work areas are included
in this overall distribution. The median of the total group's cumulative TWA distribution
was approximately 85 dBA. The 10th percentile is 77 dBA and 90th percentile is 94 dBA.
It is noted that this distribution is based brimarily on the estimated TWAs that were

determined using the previous 4 dB exchange rate.

Similar plots of the distribution of TWAs for each base are in appendix B, figures 43-50.
Charleston, Kelly, Robins and Seymour-Johnson AFBs have medians similar to the total
group in the 84-85 dBA range. Pope AFB's median is slightly lower at 82 dBA. The
remaining AFBs, Shaw, Langley and Randolph, have higher medians of 87, 88 and 90

dBA respectively.
Conclusions and Recommendations

This paper focused on using ADBA to evaluate the HCPs at eight Air Force Bases. The
ADBA results for the total data base studied classify the USAF HCP as unacceptable to
marginal. Breaking the overall data into individual AFB groups did not reveal a group
with significantly different variability from the total group. The exception being that
females within data bases exhibit significantly less variability in their HTLs as compared to

males.

An overall distribution of TWAs for the total group shows a fairly normal distribution with
the 50th percentile at 85 dBA. The 10th percentile is 77 dBA and 90th percentile is 94

dBA for the total population.

The standard deviation of differences ANSI S12.13 measure failed to provide similar

results to those found using the %Wy and %BWj measures. Therefore the use of the

11




standard deviation of difference of HTLs measure is not recommended in attempting to

evaluate the effectiveness of HCPs in general.
Since ADBA findings yielded a program classification of unacceptable to marginal, it is

recommended that the source or sources of the identified high variability in USAF

audiometric data be investigated further.
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List of Abbreviations

- Audiometric Data Base Analysis

- Hearing Conservation Program

- Hearing Threshold Level

- A Frequency-Weighted Sound Pressure Level

- United States Air Force

- Air Force Base

- Hearing Conservation Data Registry

- American National Standards Institute

- Occupational Safety and Health Administration

- Decibel

- Equivalent Continuous A-Weighted Sound Level Over a Time Period T
- Noise Induced Permanent Threshold Shifts -

- Percent Worse Sequential

- Percent Better or Worse Sequential ,
- Standard Deviation of Differences in Hearing Threshold Levels
- Number of Individuals

- Confidence Interval

. - Kilohertz

- Mean Difference Between Sequentially Averaged Hearing Thresholds at
Selected Audiometric Test Frequencies
- Time Weighted Average, dBA
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Appendix A: Tables

Table
1. Recommended Criterion Ranges for Rating HCP Effectiveness Using
%W and %BWj
2. Recommended Criterion Ranges for Rating HCP Effectiveness Using
the Standard Deviation of Differences in HTLs
3. %W and %BW;g and 95% Confidence Intervals for Each Group
4. Standard Deviation of Differences Findings for the Overall Group
5. Mean HTLs (dB) vs Mean Age and Audiometric Test Frequency for
Each Group Listed




TABLE 1. Recommended Criterion Ranges for Rating HCP Effectiveness Using %Ws and %BWs

HCP Rating  Sequential compan'sbns Sequential comparisons

of first four tests of later tests
{1-2,2-3, and 3-4) (5-6, 6-7, 7-8, etc)
%Ws %Ws %BWSs
Acceptable <20 <17 <26
Marginal 201030 171027 26t040
Unacceptable >30 7 >40

%Ws - Percent Worse sequential
%BW - Percent Better or Worse sequential




TABLE 2. Recommended Criterion Ranges for Rating HCP Effectiveness Using the Standard Deviation of Differences in HTLs

Test HCP Rating  Sequential comparisons  Sequential comparisons
Frequency of first four tests of later tests
kHz (1-2,2-3, and 3-4) (56, 6-7, 78, etc)
- 0.5 " Acceptable <6 <5
1 Marginal 6to7 5to7
or2 Unacceptable >7 >7
3 Acceptable <7 <6
Marginal 7t010 6t08
Unacceptable >10 >8 ‘
4 Acceptable <7 <7
Marginal 71010 71010
Unacceptable >10 >10
6 Acceptable <9 <8
Marginal 9to 12 8to 11.5
Unacceptable >12 >11.5

A2




Table 3: %Ws and %BWs and 95% Confidence Intervals for Each Group

Group Test %Ws +/- Cl %BWSs +/- Cl
1-2 26.5 1.1 43.0 1.2
Total (n=6655) 2-3 25.0 1.0 41.9 1.2
3-4 23.2 1.0 40.0 1.2
1-2 26.6 2.8 47.8 3.2
Charleston 2-3 243 2.7 453 3.1
(n=962) 3-4 34.5 3.0 47.9 3.2
1-2 27.3 1.6 40.3 1.7
Kelly 2-3 25.8 1.6 40.6 1.7
(n=3052) 3-4 20.0 1.4 39.4 1.7
1-2 20.1 4.1 40.9 5.1
Langley 2-3 18.4 4.0 35.9 5.0
(n=359) 3-4 25.1 4.5 38.7 5.0
1-2 26.5 - 3.2 45.8 3.6
Pope 2-3 22.9 3.0 43.5 3.6
Bases (n=743) 3-4 16.6 2.7 31.5 3.3
1-2 32.2 5.4 458 5.8
Randolph 2-3 23.8 4.9 413 5.7
(n=286) 3-4 26.6 5.1 38.1 5.6
1-2 25.8 33 40.6 3.7
Robins 2-3 26.7 3.3 40.6 3.7
(n=689) 3-4 18.3 2.9 34.3 3.5
1-2 20.0 - 8.8 41.3 10.8
Seymour-Johnson 2-3 45.0 10.9 52.5 10.9
(n=80) 3-4 32.5 10.3 53.8 10.9
1-2 25.2 3.9 49.9 45
Shaw 2-3 24.7 3.9 45.3 44
(n=481) 3-4 33.5 4.2 48.6 45
' 1-2 271 1.1 43.7 1.2
Male 2-3 25.4 11 42.4 1.2
Sex (n=6207) 3-4 . 23.5 1.1 40.2 1.2
1-2 17.8 3.9 34.0 4.9
Female 2-3 18.9 4.0 34.5 49
(n=365) 34 17.8 3.9 34.0 49
1-2 27.9 1.6 41.3 1.8
Civilian 2-3 26.6 1.6 41.5 1.8
(n=2859) 3-4 21.5 1.5 41.1 1.8
1-2 25.4 1.6 43.7 1.8
Military 2-3 23.7 1.5 41.9 1.8
(n=3029) 3-4 23.2 1.5 37.4 1.7
1-2 26.3 1.5 44.9 1.7
White 2-3 245 1.5 426 1.7
(n=3252) 34 243 1.5 39.1 1.7
1-2 21.7 3.6 40.1 43
Race Black 2-3 23.9 37 40.9 43
(n=506) 3-4 21.1 3.6 39.1 4.3
1-2 27.0 1.9 39.6 2.1
Hispanic 2-3 26.4 1.9 40.7 2.1
(n=2038) 3-4 19.7 1.7 39.6 2.1




Table 4: Standard Deviation of Differences Findings for the Overall Group

Standard Deviation of Differences in HTLs

Overall (n=6655)

Test Frequencies, kHz

0.5 1.0 2.0 3.0 4.0 6.0
tests 1-2 4.4 3.5 3.5 4.4 5.1 7.2
tests 2-3 43 3.5 3.6 4.3 5.0 71
tests 3-4 4.0 3.3 3.5 4.3 4.9 7.1




Table 5: Mean HTLs (dB) vs Mean Age and Audiometric Test Frequency for Each Group Listed
»

All (n=6655) Age (y) Randolph (n=286) Age (y)
Frequency 347 359 372 383 Frequency 324 337 35 36.7
0.5kHz 831 849 861 824 0.5kHz 605 577 545 668
1 kHz 665 684 710 664 1 kHz 446 483 481 505
2kHz 739 762 804 787 2 kHz 495 589 598 6.1
3kHz 13.05 1391 1465 1456 3kHz 868 10.06 1020 11.80
4kHz 1678 17.86 1892 18.04 4kHz 11.78 1319 1419 16.02
6 kHz 21.04 2172 2196 2222 6 kHz 16.08 18.05 18.85 20.12
Charleston (n=962) Age (y) Robins (n=689) Age (y)
Frequency 3 321 335 346 Frequency 29.5 31 324 337
0.5kHz 671 657 640 659 0.5kHz 651 682 755 691
1 kHz 495 488 501 6546 1 kHz 475 541 561 497
2 kHz 535 537 564 6.08 2kHz 480 545 574 54
3kHz 942 999 1127 1107 3kHz 807 888 958 958
4kHz 1231 1271 13.46 1415 4 kHz 11.24 1253 1350 1348
6 kHz 18.87 18.34 17.48 20.23 6 kHz 1435 1576 16.69 16.61
Kelly (n=3052) Age (y) Shaw (n=481) Age (y)
Frequency 389 402 415 426 Frequency 356 365 374 383
0.5 kHz 10.29 10.85 1132 1045 0.5 kHz 656 620 615 646
1 kHz 875 9.07 967 862 1 kHz 492 494 528 549
2kHz 10.11 1046 11.05 1056 2kHz 556 544 575 591
3 kHz 18.17 19.44 20.07 19.86 3 kHz 10.14 1047 1164 1088
4 kHz 2298 2457 2587 2563 4kHz 13.78 14.49 1530 14.97
6 kHz 25.82 2714 2792 27.14 6 kHz 2120 2030 1918 21.99
Langley (n=359) Age () Seymour-Johnson (n=80) Age (y)
Frequency 289 304 317 329 Frequency 381 392 405 415
0.5 kHz 828 801 774 799 0.5 kHz 491 431 494 566
1 kHz 607 564 536 522 1 kHz 456 391 403 412
2kHz 593 580 659 577 2kHz 391 383 484 534
3kHz 841 826 791 838 3 kHz 959 9.03 1053 1091
4 kHz 11.41 1137 1129 11.83 4 kHz 13.22 13.09 14.78 1566
6 kHz 1497 1458 1379 13.52 6 kHz 1762 16.66 21.81 22.88
Pope (n=743) Age (y) Hispanic (n=2038) Age (y)
Frequency 294 306 318 329 Frequency 393 406 418 43.0
0.5kHz 635 6.03 490 475 0.5kHz 1090 11.43 11.99 11.08
1 kHz 447 433 383 393 1 kHz 933 962 1028 918
2kHz 434 438 477 470 2kHz 1099 1134 1186 1143
3kHz 755 791 850 870 3kHz 19.67 2091 2154 21.19
4 kHz 928 960 1079 11.14 4kHz 2431 2578 2707 26.71
6 kHz 1556 1570 1521 14.88 6 kHz 26.51 2767 2858 27.66
White (n=3252) Age (y) Black (n=506) Age (y)
Frequency 318 331 343 355 Frequency 334 348 363 374
0.5 kHz 724 733 719 704 0.5kHz 740 736 745 679
1 kHz 537 551 6562 539 1 kHz 623 637 640 803
2 kHz 570 593 626 622 2kHz 655 651 7.03 675
3kHz 1021 1092 1175 11.86 3kHz 870 9.03 962 949
4kHz 13.68 1455 1558 16.01 4kHz 1055 11.46 1215 1193
6 kHz 18.88 19.46 1940 20.08 6 kHz 1496 1522 15.60 15.65
Civilian (n=2859) Age (y) Military (n=3029) Age (y)
Frequency 400 413 425 47 Frequency 294 307 320 332
0.5 kHz 1068 1122 11.69 10.85 - 0.5kHz 651 64 623 615
1 kHz 909 944 1010 9.02 1 kHz 470 474 470 467
2kHz 1071 1107 1173 11.25 2kHz 472 487 511 513
3 kHz 1932 2052 21.36 21.06 3kHz 776 831 896 910
4 kHz 2433 2584 2725 26.95 4 kHz 1026 10.94 11.76 1223
6 kHz 27.28 2851 29.33 2867 6 kHz 15.46 15.77 1561 16.37
Male (n=6207) Age (y) Female (n=365) Age (y)
Frequency 346 359 371 383 Frequency 350 363 376 387
0.5 kHz 826 845 855 8.19 0.5kHz 923 894 931 877
1 kHz 665 687 713 6.68 1 kHz 670 622 656 6.15
2kHz 743 770 812 796 2kHz 672 632 676 632
3kHz 1338 1432 1507 15.02 3kHz 811 785 846 774
4 kHz 1732 1843 1952 19.67 4 kHz 888 929 994 967
6 kHz 2140 2211 2236 2264 6 kHz 1593 1583 16.02 15.70
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Appendix B: Figures
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Figure 6: %Ws for Males vs. Females
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Figure 8: %WSs for Ethnic Groups
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Figure 10: Mean HTLs for Each Test - All 8 Bases
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Figure 11: Mean HTLs for Each Test - Charleston AFB
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Figure 12: Mean HTLs for Each Test - Kelly AFB (n=3052)
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Figure 13: Mean HTLs for Each Test - Langley AFB
(n=359)
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Figure 14: Mean HTLs for Each Test - Pope AFB (n=743)
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Figure 15: Mean HTLs for Each Test - Randoiph AFB
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Figure 16: Mean HTLs for Each Test - Robins AFB (n=689)
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Figure 17: Mean HTLs for Each Test - Shaw AFB (n=481)
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Figure 18: Mean HTLs for Each Test - Seymour-Johnson
AFB (n=80)
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Figure 19: Mean HTLs for Each Test
- Civilians (n=2839)
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Figure 20: Mean HTLs for Each Test
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Figure 21: Mean HTLs for Each Test

- Males (n=6207)
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Figure 22: Mean HTLs for Each Test
- Females (365)
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Figure 23: Mean HTLs for Each Test
- Whites (n=3252)
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Figure 24: Mean HTLs for Each Test
- Hispanics (n=2038)
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Figure 25: Mean HTLs for Each Test
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Figure 26: Mean HTLs vs Age - All 8 Bases (n=6655)
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Figure 27: Mean HTLs vs Age - Charleston AFB (n=962)
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Figure 28: Mean HTLs vs Age - Kelly AFB (n=3052)
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Figure 29: Mean HTLs vs Age - Langley AFB (n=359)
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Figure 30: Mean HTLs vs Age - Pope AFB (n=743)
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Figure 31: Mean HTLs vs Age - Randolph AFB (n=286)
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Figure 32: Mean HTLs vs Age - Robins AFB (n=689)
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Figure 33: Mean HTLs vs Age - Shaw AFB (n=481)
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Figure 34: Mean HTLs vs Age - Seymour-Johnson AFB
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Figure 35: Mean HTLs vs Age
- Civilians (n=2859)
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Figure 36: Mean HTLs vs Age
- Military (n=3029)
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Figure 37: Mean HTLs vs Age
- Males (n=6207) '
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Figure 38: Mean HTLs vs Age
- Females (n=365)
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Figure 39: Mean HTLs vs Age
- Whites (n=3252)
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Figure 40: Mean HTLs vs Age
- Hispanics (n=2038)
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Figure 41: Mean HTLs vs Age
- Blacks (n=506)
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Appendix C: Group Descriptive Statistics

Page Tables
C-1  Group Descriptive Statistics




ALL AFBs (N=6655)

Test1 Test2 Test3 Test4

Avg Age (y) 347 3B9 3IJr2 383
Avg Service (y) 6.9 82 94 105
Charleston AFB {N=962) Randolph AFB (N=286)
Test1 Test2 Test3 Test4 Test1 Test2 Test3 Test4d
Avg Age (y) 310 321 335 346 Avg Age (y) 324 337 35O 367
Avg Service (y) 6.5 76 90 100 Avg Service (y) | 6.9 8.0 9.4 110
Kelly AFB (N=3052) Robins AFB (N=689)
Test1 Test2 Test3 Test4 Test1 Test2 Test3 Test4
Avg Age {y) 389 402 415 426 Avg Age (y) 295 310 324 337
Avg Service (y) 7.2 85 98 108 Avg Service y) | 6.3 7.8 92 104
Langley AFB {(N=359) Shaw AFB (N=481)
Test1 Test2 Test3 Test4 Test1 Test2 Test3 Test4
Avg Age (y) 289 304 317 329 Avg Age (y) 3»5 3B5 374 383
Avg Service (y) 5.8 73 86 98 Avg Service (y) | 8.2 9.2 10.2 111
Pope AFB (N=743) Seymour-Johnson AFB (N=80)
Test1 Test2 Test3 Test4 Test1 Test2 Test3 Test4
Avg Age (y) 294 306 318 329 Avg Age (y) 381 392 405 415
Avg Service (y) 6.0 72 83 94 Avg Service (y) | 93 104 116 127
White (N=3252)
Test1 Test2 Test3 Test4
Avg Age (y) 318 330 343 355 Black (N=506)
Avg Service {y) 6.5 77 90 102 Test1 Test2 Test3 Test4
Avg Age (y) 334 348 363 34
Hispanic (N=2038) Avg Service (y) | 6.7 8.1 95 106
Test1 Test2 Test3 Test4
Avg Age (y) 39.3 406 418 430
Avg Service {y) 7.6 88 10.1 11.2
Military (N=3029) Civilian (N=2859)
Test1 Test2 Test3 Test4 Test1 Test2 Test3 Test4
Avg Age (y) 294 307 320 332 Avg Age (y) 400 M3 425 437
Avg Service (y) 62 75 88 100 AvgServicely) | 75 88 101 112
Male (N=6207) Female (N=365)
Test1 Test2 Test3 Test4 Test1 Test2 Test3 Test4
Avg Age (y) 346 3Bs 3IJ1 383 Avg Age (y) 350 363 376 37
Avg Service {y) 7.0 82 95 106 Avg Service(y) | 56 69 82 93
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Appendix D: First Page Output of CMPALL.EXE Program

Output
First Page Output of CMPALL.EXE Program
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Appendix E: Shift Results for All Eight AFBs

Page Shift Result

E-1  Test 1-2 Comparison
E-2  Test 2-3 Comparison
E-3 Test 3-4 Comparison
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Appendix F: Shift Results for Individual AFB Groups

Page Shift Result

F-1 Test 1-2 Comparison - Charleston AFB

F-2 Test 2-3 Comparison - Charleston AFB

F-3 Test 3-4 Comparison - Charleston AFB

F-4 Test 1-2 Comparison - Kelly AFB

F-5 Test 2-3 Comparison - Kelly AFB

F-6 Test 3-4 Comparison - Kelly AFB

F-7 Test 1-2 Comparison - Langley AFB

F-8 Test 2-3 Comparison - Langley AFB

F-9 Test 3-4 Comparison - Langley AFB

F-10 Test 1-2 Comparison - Pope AFB

F-11 Test 2-3 Comparison - Pope AFB

F-12 Test 3-4 Comparison - Pope AFB

F-13 Test 1-2 Comparison - Randolph AFB

F-14 Test 2-3 Comparison - Randolph AFB

F-15 Test 3-4 Comparison - Randolph AFB

F-16 Test 1-2 Comparison - Robins AFB

F-17 Test 2-3 Comparison - Robins AFB

F-18 Test 3-4 Comparison - Robins AFB

F-19 Test 1-2 Comparison - Seymour-Johnson AFB
F-20 Test 2-3 Comparison - Seymour-Johnson AFB
F-21 Test 3-4 Comparison - Seymour-Johnson AFB
F-22 Test 1-2 Comparison - Shaw AFB

F-23 Test 2-3 Comparison - Shaw AFB

F-24 Test 3-4 Comparison - Shaw AFB
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Appendix G: Shift Results for Military and Civilian Groups

Shift Result
Test 1-2 Comparison - Military
Test 2-3 Comparison - Military
Test 3-4 Comparison - Military
Test 1-2 Comparison - Civilian
Test 2-3 Comparison - Civilian
Test 3-4 Comparison - Civilian
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Appendix H: Shift Results for Male and Female Groups

Page Shift Result

H-1 Test 1-2 Comparison - Male
H-2 Test 2-3 Comparison - Male
H-3 Test 3-4 Comparison - Male
H-4 Test 1-2 Comparison - Female
H-5 Test 2-3 Comparison - Female
H-6 Test 3-4 Comparison - Female
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Appendix I: Shift Results for Ethnic Groups

Page Shift Result

I-1 Test 1-2 Comparison - Whites
I-2 Test 2-3 Comparison - Whites
I-3 Test 3-4 Comparison - Whites
1-4 Test 1-2 Comparison - Hispanics
I-5 Test 2-3 Comparison - Hispanics
I-6 Test 3-4 Comparison - Hispanics
I-7 Test 1-2 Comparison - Blacks
I-8 Test 2-3 Comparison - Blacks

I-9 Test 3-4 Comparison - Blacks
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